In order to estimate the degree of implantation of excavating sponges in the oyster populations from the littoral zone at Blanes (north-western Mediterranean Sea), a representative sample of oysters (Ostrea edulis) was collected from depths between 0.5 and 4 m in 1986. All oysters were infested by the excavating sponges Cliona viridis and Cliona celata. Infestation a¡ected always and exclusively the lower valve always reaching the inner side. The degree of infestation proved to be independent of oyster size and weight. Colonization by contact was considered the main means of dispersion of these sponges within the oyster population. Cliona viridis and C. celata emerged as the single excavating species able to e¡ectively compete with other non-excavating or excavating organisms when trying to colonize the particular calcareous substrate provided by oyster shells in the north-western Mediterranean Sea.
INTRODUCTION
The only calcareous substrate available for excavating sponges in granite coasts are mollusc shells, calci¢ed algae, skeletons of corals and, occasionally, bryozoans and tubes of sedentary polychaetes. At the shallow depths (from 0.5 to 10 m) of the north-western Mediterranean coasts, calcareous substrates are even less abundant than at the subjacent bottoms (down to 40 m depth). Most of the calcareous substrates at these shallow bottoms consist of concretions of the coraline algae Lithophyllum incrustans Philippi, which forms thin plates (between 0.5 and 1cm thickness) over the granitic substrate. Due to the scarcity of available substrate to be colonized, oysters from these zones support a large amount of epibionts and endobionts, among which are included the excavating sponges. Surprisingly, shells of other molluscs similarly abundant at the same depths such as mussels (Mytilus edulis L.) and some gastropod species were not excavated by sponges.
From an economic point of view, sponges which excavate oyster shells are considered detrimental, particularly when the infested populations belong to commercial oyster farms (Korringa, 1951; Warburton, 1958; Thomas, 1979) . From an ecological point of view, the infestation may cause considerable stress to natural oyster populations. The simple fact that excavating sponges attack and excavate galleries in the oyster shells should not necessarily pose a detrimental e¡ect for the individual itself (Korringa, 1951; Topsent, 1900) while the sponge does not penetrate the interior of the shell. However, when the hinge and/or the insertion point of the adductor muscle is a¡ected, the correct functioning of the shell's opening/ closing mechanism may be impaired. As a consequence, mortality is probably greater among infested oysters which also become more susceptible to predation (Thomas, 1979; Pomponi & Meritt, 1990) . In some situations, the attack extends to the whole shell causing it to become brittle. When the inner surface of the shell is a¡ected, the oyster starts to produce conchyolin to cover the holes, giving rise to an additional metabolic charge (Topsent, 1900; Korringa, 1951; Wells, 1959) . As a result, the inner surface of the shell shows small protuberances and dark spots.
These negative impacts of the excavating sponges on oysters may be of particular relevance in low-density oyster populations as those of the Blanes littoral coast. In addition to the relative low-density that characterizes oyster populations in the oligotrophic Mediterranean waters, those at the studied area support indeed a strong ¢shing pressure.
The aims of the present study were: (i) to identify the species of excavating sponges infesting oysters at the studied site; (ii) to estimate the degree of implantation of sponges in oyster shells; (iii) to evaluate sponge impact on the natural oyster populations; and (iv) to detect the possible detrimental e¡ect of the sponges on the host.
MATERIALS AND METHODS
A total of 29 oysters (Ostrea edulis L.), ranging from 3.5 to 10 cm in height (mean 6.5 cm), were collected from depths between 0.5 and 4 m from the littoral zone of Blanes (Catalan coast, north-western Mediterranean, 41840.12 H N 02847.10 H E) during July and August 1986. Three stations with a priori di¡erent degrees of substrate inclinations were chosen: Station 1, on a horizontal surface at depths between 2 and 4 m; Station 2, on a north-east subhorizontal surface at a depth of 2 m; and Station 3, on a vertical surface at depths between 0.5 and 3 m.
First, the excavating sponges were taxonomically identi¢ed. After completely removing epibionts from the shells, dry weights (1208C, 24 h) were calculated for each valve separately and for the soft body. Total oyster weight was de¢ned as the sum of these three weights. Then, the total outer shell area (i.e. the sum of the outer surface areas of both upper and lower valves) and the area of the inner surface (only for the excavated valves) were also estimated. Because of the di¤culty in calculating the area occupied by the sponge inside the shell, we calculated the degree of oyster infestation as the percentage of surface area occupied by the externally visible parts of the sponge (i.e. papillae at the outer side of the valve and black spots at the inner side of the valve) of each valve surface (infestation area) to the total area of the corresponding valve surface (Pomponi & Meritt, 1990) . The outlines of each surface were obtained by covering each valve with transparent polyethylene on which the outer limits were drawn. Outlines were later used to estimate areas using a digitizer tablet (Genitizer GT-1212B). The e¡ect of sampling station and valve surface (outer and inner) on the degree of infestation was analysed by twoway analysis of variance (ANOVA).
As losses of CaCO 3 due to the excavating activity of sponges may in£uence shell weight, size-class distributions were estimated on the basis of valve areas. Di¡erences in the average percentage of infested area within size-classes were then assessed by one-way ANOVA.
Three zones of the valve were distinguished in order to describe the infestation accurately and to evaluate its possible e¡ects on the oyster survival: the insertion of the adductor muscle, the area around the hinge and an intermediate region. Di¡erences in the presence of sponge papillae or black spots at each zone and between surfaces were then analysed using one-way ANOVA and Student t-test, respectively.
The e¡ect of sampling station on oyster size (either as total weight or total outer area) was assessed by a oneway ANOVA. The relationships between the di¡erent parameters considered at the di¡erent sampling stations were compared by analysis of covariance (ANCOVA).
It was suspected that the size of the infested area at the inner surface of the valve may be related to the size of the infested area at the outer surface and that this relationship could depend on oyster size (thickness). This dependence was analysed by calculating the correlation between the quotient inner/outer infested areas and oyster size (Pearson correlation analysis).
Assumptions of normality and homoscedasticity, required for parametric analysis, were met either by raw data or appropriate transformations (oyster sizes were log-transformed). These assumptions were checked using Kolmogorov^Smirnov test (Lilliefors probability) and Bartlett test, respectively. Tukey honest signi¢cant di¡er-ence multiple comparisons test were used to assess the groups responsible for the signi¢cant e¡ects obtained in the di¡erent ANOVA models. All analyses were carried out using Systat (v. 5.2, : SYSTAT Inc., 1990) and SigmaStat (v. 1.0, :1992^1994 Jandel Corporation) statistical packages.
RESULTS
All the oysters collected were infested by the excavating sponges Cliona viridis (Schmidt) and Cliona celata Grant, the former being more abundant than the latter. Galleries exclusively a¡ected the lower valve (i.e. that which is directly in contact with the substrate). Both the inner and outer surfaces of this valve showed traces of infestation in all studied oysters.
The percentage of infested area at the lower valve did not signi¢cantly di¡er between sampling sites nor between valve surfaces (two-way ANOVA) ( Figure 1A ). This percentage did not vary with oyster size-classes (one-way ANOVA) (Figure 2A,B) . However, most oysters showed distinct areas of infestation when the inner and outer surfaces of the valve were individually compared. In 55.2% of the oysters the area was larger at the outer surface, whereas in a 31% it was larger at the inner surface. Only in 13.8% of the oysters both surfaces showed similar areas of infestation.
The incidence of the infestation was similar at the three zones of the valve (i.e. insertion of adductor muscle, hinge and intermediate) and between valve surfaces at each zone (Student t-test).
Total oyster weight (TW) and total outer shell area (TA) di¡ered signi¢cantly between sites (ANOVA: TW, F 3.51, P50.05; TA, F 11.15, P50.001) ( Figure 1B) . A Tukey test indicated that the oyster population at site 3 was responsible for the signi¢cant e¡ect for both parameters (TW, P50.05; TA, P50.001). Therefore, samples from sites 1 and 2 were pooled together for further analyses.
Total outer shell area (TA) was signi¢cantly and positively correlated with the following oyster parameters: total oyster weight (TW), total infested area (IA-T), and soft-body weight (BW). These relationships were ¢tted to di¡erent regression functions for the two groups of sampling stations ( Figure 3A^C A positive correlation was also found between BW and TW. These parameters also followed di¡erent regression functions for each group of samples ( Figure 3D ), the obtained lines having signi¢cantly di¡erent slopes (ANCOVA, F 31.85, P50.001). The soft-body weight was not signi¢cantly correlated with the outer and inner infested areas. The quotient inner/outer infested areas was not signi¢cantly correlated to the shell size parameters (total oyster weight and total outer shell area).
DISCUSSION
The results provide evidence that the studied oysters belonged to two di¡erent populations, their di¡erences being expressed by the studied parameters as well as by the following relationships: (1) total outer shell area vs total oyster weight; (2) soft-body weight vs total oyster size; and (3) total infested area vs total outer shell area. Site 3, which proved to be signi¢cantly di¡erent from the remaining two sites, was located on a vertical wall. However, both populations showed similar results regarding the degree of infestation and the factors that may condition it (e.g. shell thickness and available surface).
The percentage of infestation recorded in the oyster populations under study (100%) is higher than those recorded for other bivalves from north-western Atlantic or Indian coasts (Table 1) . Cliona viridis was found in almost all the studied oysters. Although considered a cosmopolitan species, it is not usually reported excavating bivalve shells in other geographical areas. Of the bivalve shells collected in the photic zone of the south-west coast of Scotland 90% were attacked by excavating or boring organisms con¢ned to this photic zone (e.g. algae and some limpets) (Akpan & Farrow, 1985) . This situation closely resembles our observation in that, although C. viridis is not strictly con¢ned to the photic zone, it may be considered to some degree to be light dependent due to the possession of zooxanthellae symbionts. Then shallow waters can be considered an optimal habitat for this species (Rosell & Uriz, 1991) .
The infestation by clionid species, despite a¡ecting extensively oysters, is not su¤cient to prevent the normal development of oyster populations. The establishment of a subtle balance between the two partners: the sponge and the mollusc, has been suggested in the case of the bivalve Chlamys islandica (MÏller) infested by the excavating sponge Pione vasti¢ca (Hancock) (formerly in Cliona; see Rosell & Uriz, 1997) (Barthel et al., 1994) . Nevertheless, in Chlamys islandica less than 65 mm shell height, 90% of the scallops had negligible infestation (Barthel et al., 1994) while the infestation of Ostrea edulis by Cliona viridis seems to a¡ect equally all sizes of oysters.
No correlation was found between the outer and inner infested areas of the shells, nor between the inner infested area and shell size. Moreover, although low values of the quotient inner/outer infested areas were expected for large shells (thicker shells) and high values were expected for the smaller shells (thinner shells), the results indicated that the shell thickness did not in£uence the relationship between both areas. In light of our data, we suggest that colonization by the excavating sponges could occur early in the oysters' life cycle. Subsequently, they are able to (Pomponi & Meritt, 1990) , this supporting our observations. It would be di¤cult, and beyond the scope of the present study, to measure the extend to which infestation by excavating sponges, particularly when excavations reach the inner surface of the valve, would increase the metabolic costs for the infested oysters, and cause their growth rates to slow down. The absence in the studied area of oysters having the inner surfaces of their valves free of excavations prevented us from estimating the relationship between size and biomass of`healthy' oysters. In any case, the possible metabolic costs due to the infestation seems to be so low that it did not obscure the relationships between oyster soft-body weight and either total oyster weight or total outer surface area. Accordingly, Barthel et al. (1994) did not found signi¢cant changes in the relation of tissue weight to shell size in heavily infested specimens of Chlamys islandica as compared to only lightly infested specimens.
These excavating sponges are able to e¡ectively colonize the scarce calcareous substrate available, at least for the ¢rst few metres depth. Colonization by sponges could occur either by direct contact or dispersion of sexual (larvae) and asexual (gemmules or buds) reproductive elements (Warburton, 1958; Thomas, 1979; Rosell, 1993 Rosell, , 1996 . The granite nature of the basal substrate of the oyster habitat does not seem to favour colonization by contact. However, as these sponges take advantage of the thin aggregates of calcareous algae covering the granite substrate in the studied area (i.e. from 0 to 5 m in depth), colonization by contact appeared to be feasible. This method of propagation implies that oyster shells are colonized by`adult' sponges and would explain the rapid sponge growth relative to oyster growth.
Cliona viridis and Cliona celata are the most abundant and widespread excavating sponge species in the Mediterranean Sea, although C. celata is less abundant in the shallow waters o¡ Blanes littoral zone than in deeper waters (100^110 m) (Rosell, 1996) . Other widespread, but less abundant species, such as Pione vasti¢ca, which were also present excavating calcareous algae at the studied zone, were not found living in the examined oysters. Consequently, in light of our data, C. viridis and C. celata emerged as the single excavating species able to e¡ectively compete with other non-excavating or excavating organisms when trying to colonize the particular calcareous substrate provided by oyster shells in the photic zone of the north-western Mediterranean littoral zone.
